Space Technology Research Grants

Characterization and Modeling of High-Strain Rate Failure Response

of Nanocomposites
Completed Technology Project (2011 - 2015)

Project Introduction

The primary objective of this proposal is to introduce a simple, versatile, cost-
effective device for characterizing dynamic fracture of nanocomposite
materials. Of particular interest to the proposed research are polymers
reinforced with carbon nanotubes and nanofibers. These nanocomposites have
shown great potential as structural materials and adhesives under static
loading conditions. However, knowing the quasi-static fracture and failure
properties of aerospace materials is typically insufficient, as most materials

become more brittle at high-strain rate and/or cryogenic temperatures. AL 5
Additionally, aerospace structures often encounter dynamic transient loading Project Imaehartrization
events ranging from tool drop to space debris impact. The destructive and Modeling of High-Strain
capability of seemingly harmless foam traveling at high speeds and cold Rate Failure Response of
temperatures was demonstrated tragically in 2003 with the Columbia space Nanocomposites
shuttle. An understanding of the dynamic failure behavior of aerospace
materials is therefore critical for structural safety. The proposed experimental Table of Contents
methods can be utilized to accurately determine dynamic crack initiation
toughness (Kcr), as well as dynamic fracture toughness as a function of crack Project Introduction 1
growth parameters such as velocity and acceleration. The current setup is Organizational Responsibility 1
designed for testing relatively small samples (1'x1"), but the methodology can Anticipated Benefits 2
easily be scaled down to characterize even smaller specimens. Optically Primary U.S. Work Locations
measured stress intensity factors for isotropic acrylic samples have been and Key Partners 2
verified with a computational model. A linear relationship has also been found Project Management 2
between pressure input and stress output from the device, allowing for Technology Maturity (TRL) 2
dynamic material characterization over a broad range of strain rates. By Technology Areas 2
altering the material of the pulse shaper and/or striker, an even wider array of Images 3
strain rates has been attained. The final objective is to demonstrate the Project Website: 3
effectiveness of this device for measuring fracture parameters of novel
anisotropic materials, including orthotropic nanocomposites and adhesives
employed in joining dissimilar materials. A gas-gun has been constructed that . .
delivers a one-point impact to a relatively small sample in a controlled fashion. Organlzatlonal
The gas gun launches a cylindrical striker into the long incident bar, sending a Responsibility
stress pulse along the incident bar and into the specimen. Ultra-high-speed
digital photography of pre-notched acrylic samples tested on the apparatus R_esponsible Mission
show that fracture occurs over a few microseconds, whereas the sample's Rircctopate:
motion is perceived in the millisecond time scale (due to inertial effects). Space Technology Mission
Therefore, no additional supports are necessary to insure that crack initiation Directorate (STMD)
and propagation occur within the field-of-view of the camera. Using Digital Responsible Program:
Image Correlation (DIC) method, images collected at ~300,000 frames/sec
are compared to those recorded in the undeformed state in order to map Space Technology Research
deformations in the region of interest. These displacement fields are used to Grants
extract fracture parameters, including fracture toughness, stress intensity
factors, and crack velocity. Strain gages on the incident bar can then be used
to independently verify optically measured stress intensity factors using finite
element analysis. The device is designed to cost-effectively test the dynamic
fracture properties of materials, both at crack initiation and during crack
propagation. Test results will describe not only the initial toughness of the
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material, but also its ability to resist further crack growth once crack
propagation has begun. The apparatus was created for the dynamic fracture
testing of newly engineered materials which are expensive to produce in
traditional specimen sizes. This methodology is also ideal for testing
biomaterials such as bone and bone cement, which are difficult to procure in
large sizes. This simple device is inexpensive to construct. By scaling down
these methods, current camera technology will allow the future testing of
significantly smaller samples, thereby decreasing development costs.

Anticipated Benefits

The apparatus was created for the dynamic fracture testing of newly
engineered materials which are expensive to produce in traditional specimen
sizes. This methodology is also ideal for testing biomaterials such as bone and
bone cement, which are difficult to procure in large sizes. This simple device is
inexpensive to construct. By scaling down these methods, current camera
technology will allow the future testing of significantly smaller samples,
thereby decreasing development costs.
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Program Director:
Claudia M Meyer

Program Manager:
Hung D Nguyen

Principal Investigator:
Hareesh Tippur

Co-Investigator:
Robert W Bedsole

Technology Maturity
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Start: 2
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Technology Areas
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e TX12 Materials, Structures,
Mechanical Systems, and
Manufacturing
- TX12.3 Mechanical

Systems

- TX12.3.4 Reliability,
Life Assessment, and
Health Monitoring
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